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(54) METHOD FOR MANUFACTURING UTHIUM-MANGANESE MULTIPLE OXIDE FOR NON- 
AQUEOUS LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing lithium-manganese multiple 
oxide used for a non-aqueous electrolyte lithium secondary battery, which is used in a wide 
voltage range, has large electric capacity and is excellent In charge and discharge cycle 
durability, in a short reaction time at a low cost. 

SOLUTION: This method for manufacturing lithium-manganese multiple oxide comprises melting 
salt containing lithium salt to obtain molten salt and adding a manganese-containing compound 
to the molten salt to react them. 
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* NOTICES * 



JPO and IMPIT are not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . ^ ^ ^ u • -i 

[Field of the Invention]This invention relates to the manufacturmg method of the improved 
lithium manganese multiple oxide for nonaqueous lithium secondary batteries. 
[0002] 

[Description of the Prior Art]In recent years, the expectation for small size and the nonaqueous 
electrolyte secondary battery which is lightweight and has high energy density is growing as 
portable-izing of an electric appliance and cordless making progress. As an active material for 
nonaqueous electrolyte secondary batteries, the multiple oxide of lithium, such as UCoQg. 
LiNlOg. LiMngO^. and LiMnOg. and a transition metal is known. 

[0003lResearch of the multiple oxide of lithium and manganese is briskly done as a cheap 
material also in it especially these days. 

These are used for positive active material and development of the nonaqueous electrolyte 
secondary battery of the high tension by combining lithium with negative electrode active 
material, such as occlusion and a carbon material which can be emitted, and high energy density 
is furthered. 

[0004]Generally, the positive active material used for a nonaqueous electrolyte secondary 
battery becomes lithium which is main active material from the multiple oxide which made 
transition metals including cobalt, nickel, and manganese dissolve. With kinds of transition metal 
used, electrode characteristics, such as electric capacity, reversibility, and operating potential. 

change. , ^ , ^ j 

[0005]For example, like LiGoOg and LiNiQ gCoQ 202- """he nonaqueous electrolyte secondary 

battery which used for positive active material the halite laminar multiple oxide which made 
cobalt and nickel dissolve. While being able to attain 140 - 160 mAh/g and 190-210 mAh/g. and 
comparatively high capacity density, respectively, the charge and discharge in high voltage 
regions, such as 2.7-4.3V. show good reversibility. However, there are a problem that the cost of 
an active material becomes high since cobalt and nickel used as a raw material are expensive, 
and a problem that reversibility gets worse in the low voltage region not more than 2.5V. 
[0006]Various lithium manganese multiple oxides which use on the other hand comparatively 
cheap manganese as a raw material are proposed. This kind of lithium manganese multiple oxide 
can be expressed as Li^MnyO^. Especially, as battery active material, the thing of 0.66<-x<-5. 
K=y<=5. and 2<=z<=12 is known. For example, it is LiMn204. LiMn02, Li^MngO^g' ^^2^"2-yP^x^4' 

and Lio /oMn. M O,. However, the suffix sign x, y, and z in an upper type is unrelated to the 

2""/ o 1 X X 

suffix sign x. y, and z used in the formula of this invention. 

[0007]Although the elevated-temperature solid phase reaction of a lithium compound powder 
solid and a manganese compound powder solid, the sol-gel method which uses a lithium 
compound solution and a manganese compound solution as a starting material, etc. are usually 
known as a manufacturing method of these lithium manganese multiple oxide. A manufacturing 
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method of the active material which can be mass-produced by high capacity, high energy 
density, high durability, and low cost is desired. 

[0008]The nonaqueous electrolyte secondary battery which used for the active material the 
spinel type multiple oxide which consists of LiMn204, In addition to the problem that capacity is 

as low as 1 00 - 1 20 mAh/g compared with an above-mentioned cobalt system and nickel series 
active material, and charge-and-discharge cycle durability is scarce, there is also a problem of 
deteriorating quickly in the low voltage region below 3V. 

[0009]Since the nonaqueous electrolyte secondary battery which used for the active material 
the multiple oxide which consists of LiMnOg which similarly uses cheap manganese as a raw 
material can operate from LiMngO^ to the low voltage region before and behind 2V, high capacity 

is expectable, but. There is a problem that charge-and-discharge endurance is still scarcer than 
LiMn204. 

[0010]As this LiMn02. prismatic crystal LiMn02 which consists of beta-NaMnO 2 mold structure, 
and monoclinic phase LiMn02 of the stratified rock salt type structure which consists of alpha- 
NaMnO 2 mold structure are known. Prismatic crystal LiMnOg is lacking in charge-and-discharge 
cycle durability. Composition of monoclinic LiMn02. By presenting ionic exchange with alpha- 
NaMnO 2 compounded with the usual solid reaction method at the temperature of 300 ** or less 
in the nonaqueous solvent containing Li ion. It is carried out (A. R.Armstrong and P.G.Bruce. 
NATURE. VoL381. p499-1996). 

[001 llCarrying out direct synthesis is also already proposed by carrying out water heat 
treatment of the manganic acid ghost in the lithium salt solution under alkali-metal-hydroxide 
coexistence (Tabuchi et aL, J P. 11 -21 128, A). .Young-I Jang et al. (Electrochemical and Solid- 
State LettersVol.l. pi 3-1 6-1 998), Yet-Ming Chiang et al. (Electrochemical.) By and Solid-State 
Letters Vol.2, and pi 07 - 1 10-1999. Composition of monoclinic system stratified halite structure 
and ortho rhombic system LiAlQQ5MnQ9502 and monoclinic system stratified halite structure 

LiMn02 is reported by the solid phase reaction in around 950 **. 

[001 2]LiMnM02 (M=Fe, Co. nickel, Cr, aluminum) which replaced a part of Mn of LiMn02 with Fe, 

nickel, Co, Cr. or aluminum is indicated by JP.1 0-1 3481 2.A by the solid phase technique. Haga 
and others (electrochemistry, 63 volumes. 941-946 pages, 1995, electrochemistry. 64 volumes, 
388-393 pages, 1 996) added improvement to the solid phase technique, and has proposed the 
synthetic method of the lithium manganese multiple oxide by the melting impregnating method. 
After mixing by a ratio which serves as a lithium manganese multiple oxide of a presentation of a 
request of manganese oxide powder, and lithium hydroxide powder or lithium nitrate powder, this 
melting impregnating method by carrying out temperature up of this mixed powder, It is the 
method of making dissolve lithium hydroxide or a lithium nitrate, making it impregnated with in 
the fine pores of a manganese oxide granular material, and making it react. 
[00 13] By an initial complement's using the lithium compound powder contributed to a reaction 
1.5 to 2 times similarly, mixing with transition metal compound powder, and carrying out 
temperature up of the powder mixture. The method of dissolving lithium compound powder, 
making it impregnated in the fine pores of a transition metal compound granular material, and 
making it react is proposed (JP.08-138668.A). 

[0014]The method to which dissolve a fusing agent and a lithium compound and a transition 
metal compound are made to react is also proposed by mixing and carrying out temperature up 
of the lithium salt which does not contribute to a direct reaction by powdered voice as a fusing 
agent using a lithium compound granular material and a transition metal compound granular 
material (JP,06-064928,A). 
[0015] 

[Problem(s) to be Solved by the InventionjHowever. in the method of starting, there is a problem 
that the battery characteristic of a lithium manganese multiple oxide will change a lot. according 
to the mixed state of the powder and transition metal compound powder containing lithium salt. 
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A uniform reaction with slow reaction velocity is difficult for mixing the end of precursor powder 
and manganese compound powder which form the fused salt containing lithium salt, carrying out 
temperature up of the end of mixed powder to after an appropriate time, and making fused salt 
and a manganese compound react, and it has problems, like a side reaction occurs easily, and is 
not preferred. 

[0016]Each of these hydrothermal methods, solid phase techniques, melting impregnating 
methods, ionic exchange methods, etc. has the problem that the generation reaction of lithium 
manganese or a lithium manganese metallic element (M) multiple oxide takes 4-40 hours and a 
long time, moreover — early capacity is low when the multiple oxide manufactured by the solid 
phase technique is used as a positive electrode material of a Hthium secondary battery 
charge and discharge — number - unless it repeats about 100 cycles, high electric capacity is 
not revealed. In addition, in a solid phase technique and the melting impregnating method, there 
were problems, like the problem of being fully hard to reveal performance if mixing of powder is 
not made uniform, and charge-and-discharge cycle degradation are large. 
[0017]Since it was such, it could compound easily in a short time, and initial capacity was high, 
and the usable voltage range was wide, and an existing active material of the charge-and- 
discharge cycle durability of high capacity was desired. 

[001 8]Therefore, the purpose of this invention is to provide the manufacturing method of a 
multiple oxide compoundable as a positive electrode material for nonaqueous electrolyte 
secondary batteries excellent in charge-and-discharge cycle durability in a short time which has 
big initial capacity. 
[0019] 

[Means for Solving the Problem]According to this invention, this purpose is attained by making a 
compound containing manganese add and react into this fused salt, after carrying out melting of 
the salt containing lithium salt and considering it as fused salt (the 1st manufacturing method), a 
lithium manganese multiple oxide produced by carrying out such Li a'^^b^c *^ 
expressed with a formula. As for a, b, and c in a formula, as battery active material, 0.66<=a<=5, 
K=b<=5. and 2<=c<=12 are preferred. For example, LiMn204, LiMn02. Li^Mn^O^^^ LigMngO^, and 

Li2/3Mn02 are mentioned. 

[0020]This invention is characterized by making manganese and a compound containing the 
metallic element Q add and react into this fused salt, after carrying out melting of the salt 
containing lithium salt and considering it as fused salt, and the above-mentioned purpose is 
attained by this (the 2nd manufacturing method). However, Q is aluminum. Fe, Co, nickel, Gr. V, 
Mo, Ti, Mg, Nb, Ta, B, Ca, Ce, Ag, Zn, Zr, Sn, Pb, or Si. thus, a lithium manganese multiple oxide 
obtained — Li — - .Mn QJO — it is expressed with a formula. Especially, as battery active 
material, 0.66<=d<=5, 1<=e<=5, 0<=f<=3.0, and 2<=g<=12 are preferred For example, 
LiMn^ ggCroogO^, LiMno9aluminumo^02. l^^Mn^^gCr^AO^^ and LigMn^ gCrQ^O^ and Li2/3Mn^_ 

^Co^02 is mentioned. 

[0021]a lithium manganese multiple oxide for nonaqueous lithium secondary batteries obtained by 
the 1 St manufacturing method of the above in this invention — Li — yMn02 — the ceremony 1 
is held preferably. However, y is 0.3<=y<=L3 among the formula 1. 

[0022]a lithium manganese multiple oxide for nonaqueous lithium secondary batteries obtained by 
the 2nd manufacturing method of the above in this invention — Li^Mn^M^_^02 ~ the ceremony 
2 is held preferably. However, the inside M of the formula 2 is one or more sorts of elements 
chosen from a group of aluminum, Fe, Co, nickel, Cr, V, Mo, Ti. Mg, Nb, Ta, B, Ca. Ce, Ag. Zn, Zr. 
Sn, Pb, and Si. The inside z of the formula 2 is 0.3<=z<=1.3, and its x is 0.4<=x<1. 
[0023] Lithium salt used in this invention is at least one or more sorts in lithium hydroxide, a 
lithium chloride, a lithium nitrate, and lithium carbonate, and especially its thing included for 
lithium salt which contributes to a direct reaction in the fused salt is preferred. 
[0024]According to [ it is more preferred to use a mixture which becomes lithium salt from 
potassium salt of an overlarge, if it furthermore says, and ] this. As a result of a generation 
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reaction of a lithium manganese multiple oxide becoming easy, generation of a by-product (for 
example. Li2Mn03) is deterred, and a lithium manganese multiple oxide in which a cell with large 
cell capacity is obtained when it is considered as a nonaqueous lithium secondary battery can be 
manufactured with sufficient selectivity. 

[0025]at least one or more sorts are preferred, and potassium salt used in this invention is 
mentioned of a potassium hydrate, potassium chloride, potassium nitrate, and the potassium 
carbonate — concrete — lithium hydroxide potassium hydrate mixing fused salt — especially 
good — better — a stake. 

[0026]A mole ratio of lithium salt and potassium salt has 1.5 mol or more of preferred potassium 
salt to 1 mol of lithium salt. As a result of the potassium addition effect's decreasing that 
potassium salt is 1 .5 mol or less, reaction velocity's falling and a side reaction s advancing easily, 
since performance of a cell using a fall and an obtained multiple oxide of selectivity of an active 
material which is the obtained multiple oxide as an active material falls, it is not desirable. A 
maximum of a ratio of potassium salt is naturally decided from quantity of lithium atoms built into 
a multiple oxide. As for especially potassium salt to 1 mol of lithium salt, 3 mol or more is 
preferred. 

[0027]When a lithium manganese multiple oxide which is a stratified halite type monoclinic phase 
was compounded, a cell using a multiple oxide obtained by the conventional solid phase reaction 
as an active material had a problem which capacity increases with a charging and discharging 
cycle remarkably low in early service capacity at 25 **, but. Also in the usual discharge rate, a 
cell using a multiple oxide obtained by a manufacturing method of this invention as an active 
material has the feature which shows high service capacity from 1 cycle eye in 25 **. 
[0028]As for volume of fused salt used for a reaction, in this invention, it is preferred that they 
are 3 or more times of volume of a manganese compound used for a reaction. Since it becomes 
difficult to react uniformly that they are 3 or less times, it is not desirable. On the other hand, 
since a reaction apparatus becomes it large that they are 1 000 or more times, it is not desirable. 
As for volume of fused salt used for a reaction for such a reason, five to 50 times of volume of a 
manganese compound used for a reaction are preferred. 

[0029]In this invention, at least one or more sorts in an oxide, oxy hydroxide, carbonate, a 
chloride, an oxalate, acetate, a nitrate, and sulfate are used for a compound containing 
manganese. In particular, it is preferred that it is coprecipitation hydroxide, coprecipitation oxy 
hydroxide, a coprecipitation oxide, a mixed oxide, or mixed hydroxide at least of manganese and 
various kinds of above-mentioned metallic elements Q and M. 

[0030]In a manufacturing method of this invention, after making a compound containing 
manganese react to fused salt, it is preferred to quench that reaction mixture and this point is 
also one of the features of this invention. According to this invention, a multiple oxide which is a 
monoclinic phase of a stratified halite type [ crystal structure ] is obtained. 
[0031] 

[Embodiment of the Invention]As for y in the formula 1 (LiyMn02) of thi^ invention, 0.3-1.3 are 
preferred. Since it is necessary at the time of lithium ion battery manufacturing to need use of a 
lithium alloy for a negative electrode, or to dope metal lithium beforehand to negative-electrode 
carbon in order to make it operate as a rechargeable battery that y is less than 0.3, it is not 
desirable. Since 1.3 super-****** and service capacity fall, y is not preferred, y is 0.85-1.15 
especially preferably, and is the one neighborhood still more preferably. 
[0032]As for x in the formula 2 (Li^Mn^M^^^O^) of this invention, 0.4 to less than one is 
preferred. Since it becomes impossible to maintain the layer structure as x is less than 0.4, it is 
not desirable. As for x. 0.8-0.99 are adopted especially preferably. As for z in the above- 
mentioned formula 2, 0.3-1.3 are preferred. Since it is necessary at the time of lithium ion 
battery manufacturing to need use of a lithium alloy for a negative electrode, or to dope metal 
lithium beforehand to negative-electrode carbon in order to make it operate as a rechargeable 
battery that z is less than 0.3, it is not desirable. Since 1.3 super-****** and service capacity 
fall, z is not preferred, z is 0.85~1.15 especially preferably, and is the one neighborhood still more 
preferably. 
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[0033]In this invention, y in the formula 1 and z in the formula 2 are controlled by a bath 
presentation and reaction temperature of a manganese content compound and lithium content 
fused salt reaction time, etc. 

[0034]Although the multiple oxide of the above-mentioned formula 1 and the formula 2 can take 
the layer structure which consists of R-3 m of the rhombohedral system (Rhombohedral) space 
groups same as a crystal structure as a prismatic crystal, a monoclinic system, and LiCo02, A 
crystal structure is a crystal structure with a thing of monoclinic stratified rock salt type 
structure preferred from charge-and-discharge cycle durability being high also in the multiple 
oxide of this invention. ^ > 

[0035]The compound containing the compound (henceforth a "manganese source raw material ) 
which contains the manganese vyith which a reaction is presented in the manufacturing method 
of this invention and a metallic element (Q), and/or a metallic element (M) (henceforth "the 
source raw material of a metallic element") Since it will be easy to form manganese and the 
multiple oxide of this invention in which the metallic element dissolved uniformly if it uses 
beforehand as the addition method of only abbreviating "a metallic element (Q) and/or a metallic 
element (M)" to a "metallic element" after using both as a uniform mixture, it is desirable. 
[0036]Especially, especially since the multiple oxide of this invention that whose it is either at 
least of manganese, coprecipitation hydroxide of a metallic element, a coprecipitation oxide, or 
coprecipitatioh oxy hydroxide it is manganese and a solid solution with a more uniform metallic 
element is made, a manganese source raw material and the source raw material of a metallic 
element are preferred. 

[0037]The method of obtaining the oxide which adds a manganese source raw material into the 
solution, and consists of manganese and the metallic element M desiccation and by calcinating 
after making the source raw material of a metallic element living together by solution states, In 
order that the source raw material of a metallic element of solution states may react to a 
manganese source raw material easily, since it is easy to form the multiple oxide of this invention 
which dissolved comparatively uniformly, it is desirable. The method to which add and the 
compound containing manganese is made to react is also as an option in the inside which used 
the mixture of lithium hydroxide (LiOH-HgO) and the salt (for example, cupric nitrate (Cu(N03) 

2and9H20)) of a metallic element as fused salt. 

[0038]ln the manufacturing method of this invention, oxides (Mn203, MnO, MnO^, etc.), the 
hydrate of these oxides, oxy hydroxide, etc. are mentioned as a manganese source raw material. 
As a manganese source raw material, the compound of trivalent manganese is more preferred. 
These manganese source raw materials may be used alone, and may use two or more sorts 
together. 

[0039]In the manufacturing method of this invention, simple substance metal, hydroxide, an 
oxide, oxy hydroxide, a chloride, a nitrate, etc. are used as a source raw material of a metallic 
element. These source raw materials of a metallic element may be used alone, and may use two 
or more sorts together. 

[0040]As an example of the manufacturing method of this invention, heat melting of lithium 
hydroxide powder and the potassium hydrate powder is mixed and carried out first, for example 
(as for the melting point of lithium hydroxide, the melting point of 450 and a potassium 
hydrate is 360 **). This invention needs to react at the temperature more than the melting point 
of fused salt. Since the melting point may fall from the case of an independent salt in the case of 
the mixed fused salt which consists of two or more salts, reaction temperature is suitably 
chosen in 300-1200 **. Although the one of reaction velocity where temperature is higher is 
high, since the selectivity of a reaction will fall that it is easy to follow a side reaction if reaction 
velocity is too high not much, it is not desirable. Since reaction velocity will fall and a reaction 
will take a long time if reaction temperature is too low, it is not desirable. Preferably. 500-900 ** 
is chosen. 

[0041]In this invention, a reaction is started by adding and throwing in a manganese source raw 
material in fused salt. Although the reaction atmosphere in particular of this invention is not 
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limited, in order to obtain a stratified lithium manganese multiple oxide with sufficient selectivity, 
it is preferred that it is an inert gas atmosphere of nitrogen or argon. A reaction atmosphere's 
content of oxygen gas may reduce the selectivity of a stratified lithium manganese multiple 
oxide. 5000 ppm or less of oxygen densities in a reaction atmosphere are 50 ppm or less 
especially preferably preferably. 

[0042]Although the stratified lithium manganese multiple oxide which is one of the purposes of 
this invention is generated by the reaction of the fused salt which consists of lithium salt, and 
the compound containing manganese. If this multiple oxide has long reaction time, the fused salt 
which consists of lithium salt will be contacted further, and it converts into Li2Mn03. and the 

selectivity of the lithium manganese multiple oxide of the layer structure made into the purpose 
falls. Therefore, it is not preferred that reaction time is too long. 
[0043]Not less than 10% of oxygen containing atmosphere is required for the reaction 
atmosphere at the time of the lithium manganese spinel multiple oxide composition which is one 
of the another purposes of this invention. 

[0044] Compared with the conventional synthetic method, reaction time of this invention is 
remarkably short, and productivity has the good feature.Although the reaction time in this 
invention is suitably chosen by combination with reaction temperature and it is based also on 
reaction temperature, 0.3 to 60 minutes is adopted. Since a reaction occurs violently that 
reaction time is 0.3 or less minute, and it becomes difficult for a side reaction to occur easily 
and to control a reaction, it is not desirable. 

[0045]Desirable reaction time is 1 to 20 minutes. It is preferred to reduce the temperature of a 
system promptly, if the lithium manganese multiple oxide of the layer structure generates, and to 
suspend a reaction for the same reason. For example, the container into which the fused salt 
containing the precipitate output which consists of a lithium manganese multiple oxide was put is 
quenched with water cooling. Active material powder is obtained by isolating and drying a lithium 
manganese multiple oxide, for example, LiMn02, after an appropriate time by adding pure water in 

the container and carrying out rinsing removal of superfluous lithium salt, sodium salt, the 
potassium salt, etc. 

[0046]When LizMn^M|_^02 which replaced some manganese by the metallic element M uses for a 
nonaqueous lithium secondary battery as a multiple oxide in this invention, especially since the 
initial capacity of a cell or charge-and-discharge cycle durability improves, it is desirable. As the 
metallic element M. aluminum, Fe, Co, nickel, Cr, V, Md, Ti, Mg, Nb, Ta, and Ag are preferred. M is 
Cr, aluminum, Fe. and Mg especially preferably. 

[0047] Positive electrode mixture is formed by mixing a carbon system conducting material and 
binding material, such as acetylene black, black lead, and Ketchen black, to the powder of the 
multiple oxide of this invention. Polyvinylidene fluoride, polytetrafluoroethylene, polyamide, 
carboxymethyl cellulose, an acrylic resin, etc. are used for binding material. 

[0048] Positive pole collectors, such as aluminium foil and stainless steel foil, are made to apply / 
support the slurry or kneaded material which consists of the solvent or carrier fluid of the 
powder of the multiple oxide of this invention, a conducting material, binding material, and binding 
material, and it is considered as an anode board. Porous polyethylene and a porous 
polypropylene film are used for a separator. 

[0049]In the nonaqueous lithium secondary battery with which this anode board is used, the 
solvent of that electrolytic solution has preferred carbonic ester. Carbonic ester can use both 
annular and a chain. Propylene carbonate, ethylene carbonate (EC), etc. are illustrated as cyclic 
carbonate. As chain carbonic ester, dimethyl carbonate, diethyl carbonate (DEC), ethyl methyl 
carbonate, methylpropyl carbonate, methylisopropyl carbonate, etc. are illustrated. 
[0050]It is independent about the above-mentioned carbonic ester, or two or more sorts can 
also be mixed and used. It may be used mixing with other solvents. If chain carbonic ester and 
cyclic carbonate are used together depending on the material of negative electrode active 
material, a discharge characteristic, cycle durability, and charge and discharge efficiency may be 
improvable. It is good also as a gel polymer electrolyte by adding a fluoridation vinylidene- 
hexafluoropropylene copolymer (for example, Kiner by Atochem) to these organic solvents, and 
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adding the following solute. 

[0051] As a solute, CIO^-, CF3SO3-, It is preferred to use any one or more sorts of the lithium 
salt which uses BF4-, PFg-, AsFg-. SbFg-. CF3CO2-, ^^^^S^^Z^ ^" ^" ^""^ 

above-mentioned electrolytic solution or polymer electrolyte, it is preferred to add the 
electrolyte which consists of lithium salt by the concentration of 0.2 - 2.0 mol/l to the above- 
mentioned solvent or solvent content polymer. If it deviates from this range, ionic conductivity 
will fall and electrolytic electrical conductivity will fall. 0.5 - 1.5 mol/l is selected more preferably. 

[0052]The material which emits [ occlusion and ] a lithium ion is used for negative electrode 
active material. Although the material in particular that forms this negative electrode active 
material is not limited, an oxide, carbon compounds, a silicon carbide compound, a silicon oxide 
compound, a titanium sulfide, a boron carbide compound, etc. which made the subject the metal 
of a lithium metal, a lithium alloy, a carbon material, the periodic table 14, and 15 fellows, for 
example are mentioned. 

[0053]As a carbon material, what carried out the pyrolysis of the organic matter on various 
pyrolysis conditions, an artificial graphite, natural graphite, soil black lead, expanded graphite, 
scaly graphite, etc. can be used. The compound which makes the tin oxide a subject can be used 
as an oxide. Copper foil, nickel foil, etc. are used as a negative pole collector. 
[G054]As for the anode in this invention, it is preferred to knead an active material with an 
organic solvent, to consider it as slurry, and to obtain this slurry by applying, drying and pressing 
it in it to a metal foil collector. There are no restrictions in particular in the shape of the lithium 
cell of this invention. A sheet shaped (what is called film state), the letter of folding, a wound 
type closed-end cylindrical shape, a button form, etc. are chosen according to a use. 

[0055] .... 
[Example]Next, although some concrete examples of this invention are described, this invention 

is not limited to these examples. 

[0056][Example 1] 30 g of lithium hydroxide powder (LiOH-H20) was put into the crucible made 
from nickel, and it heated at 600 ** with the electric furnace under argon atmosphere, and was 
considered as LiOH fused salt. The manganic oxide powder 6g was dropped to this fused salt, 
y the crucible in which the lithium manganese multiple oxide solid has precipitated in fused salt in 
5 minutes was picked out from the electric furnace, and crucible was quenched with water. Pure 
water was added to contents after an appropriate time, lithium hydroxide and the by-product 
which surfaced on the fused salt surface were removed, and the sediments in crucible were 
collected. The yield of the sediment was 5.2g. The X diffraction spectrum using the Cu-K alpha 
rays of this sediment is shown in drawing 1 . From drawing 1 , this sediment made prismatic 
crystal LiMnOg the subject, and it was identified being the structure which contains a monoclinic 
system in part. It was identified that the above-mentioned by-product is Li2Mn03 in the similar 
way. This active material powder, acetylene black, and polytetrafluoroethylene were kneaded 
adding toluene by the weight ratio of 80/15/5 using the above-mentioned sediment as active 
material powder, and it was considered as the sheet shaped. This sheet was pierced in path of 
13 mm, and vacuum drying was carried out at 1 80 ^ for 2 hours. And this sheet was laid within 
the argon glove box on the 20-micrometer aluminium foil positive pole collector with a diameter 
of 1 8 mm, and the positive electrode body was obtained. 500-micrometer-thick metal lithium foil 
is used for a negative electrode at a separator using 25-micrometer-thick porosity 
polypropylene. Use SUS316 for a negative pole collector and an anode side SUS316L case and 
negative-electrode side SUS316 cap are used, IMLiPFg/EC+DEC (1:1) is used for an electrolysis 
solution, and it is 2 cell ********** within an argon glove box about a coin cell type cell (the 
coin cell diameter of 20 mm. and 3.2 mm in thickness). After carrying out constant current 
charge of one cell of the two cells by voltage cut to 4.3V at 30 mA per 1g of positive active 
material into a 25 thermostat in the atmosphere. As a result of carrying out constant current 
discharge by voltage cut to 2.0V at 30 mA per 1g of positive active material and asking for early 
service capacity and spark discharge energy, they were 110 mAh/g and 330 mWH/g, 
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respectively. About the cell of another side of the two cells, in the atmosphere, within a 60 ** 
thermostat, per [ positive-active-material 1g ] — per [ positive-active-material after carrying 
out constant current charge to 4.3V at 30 mA 1g ] — as a result of carrying out constant 
current discharge to 2.0V at 30 mA and asking for early service capacity and spark discharge 
energy, they were 168 mAh/g and 492 mWH/g, respectively. 

[0057][Example 2] 12 g of potassium hydrate powder (KOH) and 18 g of lithium hydroxide powder 
(LiOH-H20) were put into the crucible made from nickel, and it heated at 600 ** with the 
electric furnace under argon atmosphere, and was considered as LiOH-KOH mixing fused salt. 
The manganic oxide powder 6g was dropped to this fused salt, the crucible in which the lithium 
manganese multiple oxide solid has precipitated in fused salt in 5 minutes was picked out from 
the electric furnace, and crucible was quenched with water. Pure water was added to contents 
after an appropriate time, lithium hydroxide and the by-product which surfaced on the fused salt 
surface were removed, and the sediments in crucible were collected. The yield of the sediment 
was 4.5g. The X diffraction spectrum using the Cu-K alpha rays of this sediment is shown in 
drawing 2 . From drawing 2 , this sediment made stratified halite type monoclinic LiMn02 the 
subject, and it was identified being the structure which contains a prismatic crystal in part. It 
was identified that the above-mentioned by-product is Li2Mn03 in the similar way. The above- 
mentioned sediment was used as active material powder, and also 2 cell'********** and battery 
capacity were investigated for the coin cell type cell by the same method as the above- 
mentioned Example 1 . As a result of asking for the early service capacity and spark discharge 
energy in a 25 ** thermostat, they were 121 mAh/g and 367 mWH/g, respectively. As a result of 
asking for the early service capacity and spark discharge energy in a 60 ** thermostat, they 
were 197 mAh/g and 617 mWH/g, respectively. 

[0058] [Example 3] After impregnating electrolytic manganese dioxide powder with chromium 
nitrate solution and drying, Mn^ gCr^ powder was obtained by calcinating in the 3-hour 
atmosphere at 650 **. 30 g of lithium hydroxide powder (LiOH-HgO) was put into the crucible 
made from nickel, and it heated at 600 ** with the electric furnace under argon atmosphere, and 
was considered as LiOH fused salt. The Mn^ ^Cr^2^3 powder 6g was dropped to this fused salt, 
the crucible in which the lithium manganese chromium multiple oxide solid has precipitated in 
fused salt in 5 minutes was picked out from the electric furnace, and crucible was quenched with 
water. Pure water was added to contents after an appropriate time, lithium hydroxide and the 
by_pj.Qcluct which surfaced on the fused salt surface were removed, and the sediments in 
crucible were collected. The yield of the sediment was 4.5g. The X diffraction spectrum using the 
Cu-K alpha rays of this sediment Fs shown in drawing 3 . From drawing 3 , it was identified that 
this sediment is stratified halite type monoclinic UMnQ ggCrQ QgOg. It was identified that the 
above-mentioned by-product is UgMn^ ggCrQ 05O3 in the similar way. This active material powder 
was used, and also 2 cell ********** and battery capacity were investigated for the coin cell 
type cell by the same method as the above-mentioned Example 1. As a result of asking for the 
early service capacity and spark discharge energy in a 25 ** thermostat, they were 1 58 mAh/ g 
and 498 mWH/g, respectively. As a result of asking for the early service capacity and spark 
discharge energy in a 60 ** thermostat, they were 188 mAh/g and 599 mWH/g, respectively. 
[0059] [Example 4] After impregnating electrolytic manganese dioxide powder with iron nitrate 
solution and drying. Mn^ 9^601^3 P<^wder was obtained by calcinating in the 3-hour atmosphere 
at 650 ** (process A). 10 g of potassium hydrate powder (KOH) and 2 g of lithium hydroxide 
powder (LiOH-H20) were put into the crucible made from nickel, and it heated at 600 ** with 
the electric furnace under argon atmosphere, and was considered as LiOH-KOH mixing fused 
salt (they are 3.7 mol of KOH(s) to 1 mol of LiOHCs)). The above-mentioned Mn^ 9FeQ^03 
powder 2g was dropped to this fused salt, the crucible in which the lithium manganese multiple 
oxide solid has precipitated in fused salt in 5 minutes was picked out from the electric furnace, 
and crucible was quenched with water. Pure water was added to contents after an appropriate 



ifi^atw ii=httn%3A%2F%2Fwww4.L.. 2008/02/18 



JP.2001~192210,A [DETAILED DESCRIPTION] 



9/11 V 



time, and lithium hydroxide and a potassium hydrate were removed The by-product which 
surfaces on the fused salt surface was not accepted. Pure water recovered the sediment in 
after-rinsing crucible under the room temperature. The sediment was dried at 60 ** (process B). 
The yield of the sediment was 1.81g. The X diffraction spectrum using the Cu-K alpha rays of 
this sediment is shown in drawing 4 . Drawing 4 shows that this sediment has prismatic crystal 
LiMn02 structure and monoclinic LiMn02 structure. Above-mentioned Mn/Fe uses the sediment 
which consists of a lithium contained layer-like manganese multiple oxide which is 0.95/0.05 
(atomic ratio) as active material powder. This active material powder, acetylene black, and 
polytetrafluoroethylene were kneaded adding toluene by the weight ratio of 80/15/5, and it was 
considered as the sheet shaped. This sheet was pierced in path of 1 3 mm, and vacuum drying 
was carried out at 180 ** for 2 hours. And this sheet was laid within the argon glove box on the 
20-micrometer aluminium foil positive pole collector in thickness 1 8 mm in diameter, and the 
positive electrode body was obtained. 500-micrometer-thick metal lithium foil is used for a 
negative electrode at a separator using 25-micrometerH:hick porosity polypropylene, Use 
SUS316 for a negative pole collector and an anode side SUS316L case and negative-electrode 
side SUS316 cap are used, 1 MLiPFg/EC+DEC (1:1) is used for an electrolysis solution, and it is 2 
cell ********** within an argon glove box about a coin cell type cell (the coin cell diameter of 
20 mm. and 3.2 mm in thickness). [ in a 25 ** thermostat ] in the atmosphere one cell of these 
two cells, per [ positive-active-material 1g ] — per [ positive-active-material after carrying out 
constant current charge by voltage cut to 4.3V at 30 mA Ig ] — as a result of carrying out 
constant current discharge by voltage cut to 2.0V at 30 mA and asking for eariy service capacity 
and spark discharge energy, they were 208 mAh/g and 626 mWH/g, respectively; About the cell 
of another side of the two cells, in the atmosphere, within a 60 ** thermostat per [ positive- 
active-material Ig] ~ per [ positive-active-material after carrying out constant current charge 
to 4.3V at 30 mA Ig 3 — as a result of carrying out constant current discharge to 2.0V at 30 mA 
and asking for eariy service capacity and spark discharge energy, they were 228 mAh/g and 702 
mWH/g. respectively. 

[0060][Example 5] In the process A of the above-mentioned Example 4. the aluminium nitrate 
was used instead of iron nitrate, and also Mn^ galuminum^ was compounded like Example 4. 
Used 2g of the above-mentioned Mn^ galuminumQ^03 powder, it was made to react like the 
above-mentioned Exampte 4 instead of the Mn^ 9^601^3 POwder 2g in the process B of the 
above-mentioned Example 4 furthermore, and the sediment 1.80g was obtained. Side reaction 
output was not accepted. The X diffraction spectrum using the Cu-K alpha rays of this output is 
shown in drawing 5 . This sediment makes monoclinic LiMn02 structure a subject, and drawing 5 
shows that it is the mixture in which prismatic crystal LiMn02 structure lived together. Above- 
mentioned Mn/aluminum used the sediment which consists of a lithium contained layer-like 
manganese multiple oxide which is 0,95/0.05 (atomic ratio) as active material powder, and also 2 
cell ********** and battery capacity were investigated for the coin cell type cell by the same 
method as the above-mentioned Example 4. As a result of asking for the eariy service capacity 
and spark discharge energy in a 25 ** thermostat, they were 215 mAh/g and 664 mWH/g. 
respectively. As a result of asking for the eariy service capacity and spark discharge energy in a 
60 ** thermostat, they were 247 mAh/g and 779 mWH/g, respectively. 

[0061] [Example 6] In the process A of the above-mentioned Example 4, chromium nitrate was 
used instead of iron nitrate, and also Mn^ gCrg ^Og was compounded like Example 4. You used 2g 
of the above-mentioned Mn^ 9^*^01 ^3 Powder, and made it react like the above-mentioned 
Example 4 instead of the Mn^ gFeQ^03 powder 2g in the process B of the above-mentioned 
Example 4 furthermore, and the sediment 1.81g was obtained. Side reaction output was not 
accepted. The X diffraction spectrum using the Cu-K alpha rays of this output is shown in 
drawing 6 . Drawing 6 shows that this sediment has monoclinic LiMn02 structure. Above- 
mentioned Mn/Cr used the sediment which consists of a lithium contained layer-like manganese 
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multiple oxide which is 0.95/0.05 (atomic ratio) as active material powder, and also 2 cell 
:lc)icHeHe9ic4eHe*H'^ and battery capacity were investigated for the coin cell type cell by the same 
method as the above-mentioned Example 4. As a result of asking for the early service capacity 
and spark discharge energy in a 25 ** thermostat they were 1 97 mAh/g and 601 mWH/g, 
respectively. As a result of asking for the early service capacity and spark discharge energy in a 
60 ** thermostat, they were 222 mAh/g and 696 mWH/g, respectively. 

[0062][Example 7] In the process A of the above-mentioned Example 4, the cobalt nitrate was 
used instead of iron nitrate, and also Mn^ 9C0Q-1O3 was compounded like the above-mentioned 

Example 4. Used 2g of the above-mentioned Mn^ ^Coq powder, it was made to react like the 
above-mentioned Example 4 instead of the Mn^ gf^^oi^S P^^^®^ 2g in the process B of the 
above-mentioned Example 4 furthermore, and the sediment 1.81g was obtained. Side reaction 
output was not accepted. The X diffraction spectrum using the Cu-K alpha rays of this output is 
shown in drawing 7 . Drawing 7 shows that this sediment has monoclinic LiMn02 structure. 

Above-mentioned Mn/Co used the sediment which consists of a lithium contained layer-like 
manganese multiple oxide which is 0.95/0.05 (atomic ratio) as active material powder, and also 1 
cell ********** and battery capacity were investigated for the coin cell type cell by the same 
method as the above-mentioned Example 4. As a result of asking for the early service capacity 
and spark discharge energy in a 60 ** thermostat, they were 237 mAh/g and 741 mWH/g, 
respectively. 

[0063][Example 8] In the process A of the above-mentioned Example 4. silver nitrate was used 
instead of iron nitrate, and also Mn^ gAgQ^03 was compounded like the above-mentioned 

Example 4. You used 2g of the above-mentioned Mn^ b^^oa^s POwder, and made it react like the 
above-mentioned Example 4 instead of the Mn^ gF^^oi^a POwder 2g in the process B of the 
above-mentioned Example 4 furthermore, and the sediment 1.8 1g was obtained Side reaction 
output was not accepted. The X diffraction spectrum using the Cu-K alpha rays of this output is 
shown in drawing 8 . This sediment makes monoclinic LiMn02 structure a subject, and drawing 8 

shows that it is the mixture in which prismatic crystal LiMn02 structure lived together. Above- 
mentioned Mn/Ag used the sediment which consists of a lithium contained layer-like manganese 
multiple oxide which is 0.95/0.05 (atomic ratio) as active material powder, and also 1 cell 
********** and battery capacity were investigated for the coin cell type cell by the same 
method as the above-mentioned Example 4. As a result of asking for the early service capacity 
and spark discharge energy in a 60 ** thermostat, they were 215 mAh/g and 659 mWH/g, 
respectively. 

[0064][Example 9] In the process A of the above-mentioned Example 4, nickel nitrate was used 
instead of iron nitrate, and also Mn^ g^'^^elQ^Og was compounded like the above-mentioned 

Example 4. You used 2g of the above-mentioned Mn^ gnickelg ^03 powder, and made it react like 
the above-mentioned Example 4 instead of the Mn^ g'^^oi^a Powder 2g in the process B of the 
above-mentioned Example 4 furthermore, and the sediment 1 .80g was obtained. Side reaction 
output was not accepted. The X diffraction spectrum using the Cu-K alpha rays of this output is 
shown in drawing 9 . Drawing 9 shows that this sediment is the layer structure which consists of 
R-3 m of rhombohedral system (Rhombohedral) space groups. Above-mentioned Mn/nickel used 
the sediment which consists of a lithium contained layer-like manganese multiple oxide which. is 
0.95/0.05 (atomic ratio) as active material powder, and also 1 cell ********** and battery 
capacity were investigated for the coin cell type cell by the same method as the above- 
mentioned Example 4. As a result of asking for the early service capacity and spark discharge 
energy in a 60 ** thermostat, they were 229 mAh/g and 726 mWH/g. respectively. 
[0065] 

[Effect of the Invention] While it is possible in use in a wide voltage range and initial capacity is 
large by using for positive active material the multiple oxide obtained by the manufacturing 
method by the synthetic reaction of a short time of this invention, a nonaqueous lithium 
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secondary battery with a high cycle characteristic can be obtained. The cheap charge of lithium 
secondary battery material can be provided by using cheap manganese for the main raw material 
compared with cobalt and nickel which were used conventionally. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer So the translation nnay not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Clainn(s)] 

[Claim 1]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries making a compound containing manganese add and react into this fused salt 
after carrying out melting of the salt containing lithium salt and considering it as fused salt. 
[Claim 2]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries making manganese and a compound containing the metallic element Q add 
and react into this fused salt after carrying out melting of the salt containing lithium salt and 
considering it as fused salt. However, Q shows one or more sorts of elements chosen from a 
group of aluminum, Fe, Co, nickel, Cr, V. Mo, Ti, Mg. Nb, Ta, B, Ca, Ce, Ag, Zn, Zr, Sn, Pb, and Si. 
[Claim 3]A manufacturing method of the lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries according to claim 1 which is a compound in which a multiple oxide obtained 
is shown by the lower formula 1. 

The inside y of the LiyMnOg type 1, however the formula 1 is 0.3<=y<=1.3. 

[Claim 4]A manufacturing method of the lithium manganese metallic element (M) multiple oxide 
for nonaqueous lithium secondary batteries according to claim 2 which is a compound in which a 
multiple oxide obtained is shown by the lower formula 2. 

The inside M of the LJ^Mn^M^_^02 type 2, however the formula 2 is one or more sorts of 
elements chosen from a group of aluminum, Fe, Co. nickel, Cr, V, Mo, Ti, Mg, Nb, Ta, B, Ca, Ce, 
Ag, Zn, Zr, Sn, Pb, and Si. The inside z of the formula 2 is 0.3<=z<=1.3, and its x is 0.4<=x<1. 
[Claim 5]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries given in any 1 paragraph of claims 1-4 whose salts containing lithium salt 
are the mixtures of potassium salt of an overlarge as lithium salt. 

[Claim 6]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries given in any 1 paragraph of claims 1-5 whose lithium salt is at least one or 
more sorts in lithium hydroxide, a lithium chloride, a lithium nitrate, and lithium carbonate. 
[Claim 7]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries given in any 1 paragraph of claims 1-6 whose compounds containing 
manganese are at least one or more sorts in an oxide, oxy hydroxide, carbonate, a chloride^ an 
oxalate, acetate, a nitrate, and sulfate. 

[Claim 8]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
. secondary batteries given in any 1 paragraph of claims 1-7 whose fused salt is the mixed fused 
salt of lithium hydroxide and a potassium hydrate of an overlarge. 

[Claim 9]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries given in any 1 paragraph of claims 1-8 to which a reaction is performed at 
300-1200**. 

[Claim 1 0]Manganese and a compound containing the metallic element M Manganese and 
coprecipitation hydroxide with the metallic element M, A manufacturing method of a lithium 
manganese multiple oxide for nonaqueous lithium secondary batteries given in any 1 paragraph of 
claims 2, 4-9 which are either coprecipitation oxy hydroxide, a coprecipitation oxide, a mixed 
oxide, mixed oxy hydroxide or mixed hydroxide. 

[Claim 1 1]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
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secondary batteries given in any 1 paragraph of claims 1-10 which quench the reaction mixture 
after making it react. 

[Claim 12]A manufacturing method of a lithium manganese multiple oxide for nonaqueous lithium 
secondary batteries given in any 1 paragraph of claims 1 -1 1 which are the monoclinic phases of 
a stratified halite type [ crystal structure / of a multiple oxide obtained ]. 



[Translation done.] 



\fx'?siUM I i=h++n- //\AAA/\A/d inrll innit 900^/09/1 ft 



mB^mmffjf (jp) (12) ^ H |^ ^2: # (a) mmntm&m^ 

iNFll2001 -192210 
(P2001-192210A) 
(43)^iBB V-mi3^7 nUB (2001.7.17) 



(BDIntCl.^ 
C 0 1 G 45/00 
H 0 1 M 4/02 
4/58 
10/40 



F I 

C 0 1 G 45/00 
HO IM 4/02 
4/58 
10/40 



f-?3-h*(##) 
4G0 4 8 
C 5H02g 
5H0 5 0 

Z 



m^m(Dm2 ol (^13 k) 





i($6l2000-30751(P2000-30751) 


(71)ffiiSA 


000108030 










(22) 


^m2^ 2 MSB (2000. 2. 8) 




»^jlIi^-Jr|lfi5*^er(»53T.S 2»10^ 












#M3j£i 1-312085 




2-2-6-106 


(32)«5feH 


2p^imi^ 2 8(1999.11.2) 


azmmm 






(JP) 




»j^Jfim^r&efeiR± 2-7-48 






























(74)f^A 


100083404 



















(54) lp2KU5^•^?AIl^#c«il!lfflU5^'>A-^>:j^^>^g^SMb<»©«^gj* 



(57) imm] 



1 

*D L TSis; ^ -fr -5 ^ <}: t -r -5 ^tk y f- ^> -^-^fea 
mm V ^'>j>>-^>':ff>m.'^mim<r>mmfko 

iifeo f&LQfi. Al. Fe. Co. Ni. Cr. V. 
Mo, Ti, Mg, Nb, Ta, B. Ca, Ce. A 
Zn, Zr. Sn, Pb, S i 001^/5^ fjil^^tt -5 

L i , Mn02 S;i 

t;^^A_^v;^i/_^jg^^ (M) m^mim<DmTt 

L i J Mn. Mi-x O2 ^2 
{ab*2lJM{i. AU Fe, Co, Ni, Cr. V. 
Mo, Ti, Mg, Nb, Ta, B, Ca, Ce, A 

g, Zn, Zr, Sn, Pb, S i (Dmf)''hm^^tl6 

1. SX-h*). x{±0. 4^x<lT?fe5„ 

1 «ic:iB«co^7K y ^ AziiSfemmffl y ^ A— ^ >- 
t h 1 a£A±-efc5ff *5 1 ~ 5 ©^^-f tx*^ 1 «tcia« 
^v'TKig^bti. j^^k^^v ^$m.. mm., mm 

-r^i^ 1 «tc!5^(^)^/!K y ^'>j^-^mmm y ^ a- 

[ft*« 9 1 RfZ^i^ 300~1200 ttff''^ ^ttS 

fS*« 1 ~ 8 rov^-r4^A> 1 JSfcfB^w^TK y 9" 'J'i^r^k 



(2) #^2001-192210 

2 

=3s^-:/7K^^ti!fe, *?t^^tife, m^mim. js-a-^^v^TK 

1-51**11-1 0©v^-r^^^^H{r|Bte©^7ky^^' 

A -^feWmffl y ^ A-^ y;(f y^#^^t;i^©M3gfec 

10 ^JgM<?)^#trBti-efc5n*ii 1-11 (ov^-f^^^^ 1 Ji 

fC|Sic©#7K y ^ A - y^!>A-n?^;{/>^t 
[0 0 0 1] 

lo 0 0 2] 

o02 , LiNiOz , LiMna O4 , LiMnOz 

[0 0 0 31 ^co'^xhmcm&i. ^m^mnt l 
[0 0 0 4] -^ic, ^TK^ssr^femmf-fflv^^ns 

[0 0 0 51 ^JxtJ, L i C 0O2 , L i N i 0. 8 C 

00.2 02©J;5l^, h-^=^/•^r/^^@^$■^i• 
—^mM\t. ^tl-?:*ixl 4 0~1 6 OmAh/g*5j;t/ 

1 9 0-2 1 OmAh/g i:ttgs6^i«v^^»^g*afi)<; 
■C'#5i:i:tlc, 2. 7-4. 3 Vi:l/^o;^::i«V^«E^ 

i: ^te 5 3 h y ^fi't^^mX'h ^(DX^mMff) =' 

:^hi)m<f£^t^^'?mm-^. 2. 5Y&.T(oi&mmm 

[0 0 0 6] -j^, it1^6^^mti:^>:)lf>'^WMtir6 

(ov j^—^i^:ff''^m'^m<tmmm$}ix\>^ 

50 5, rwffi<^y f^e^A— =5'>';*f>'^^®gfb#lH, Li. 



3 

Mn, o. iiLxm-r^ta^-c^^o f£i>^-^h. wm 

mUbl^Xit. 0. 66^x^5. l^y^5. 2Sz 
^1 2<Dii<Dt)ij^hflX\<-^^. L iMn 

2 04 ,LiMn02^Li4MnsOi2 ^Li2M 
nz-. C r X O4 V L i 2/ 3 Mn i-x Mx O2 "C 

10 0 0 71 zix<t>]) J>^—7iy^:^m.-^it^<om 

[0 0 0 81 L iMnz O4 ;?)^ ^tc S ;^ t°^^>'V®^-&^ 

~1 2 OmAh/g i:i&<. *i^c«f--l'^/H^^^tt^5^ 

jt l-^Mbl" -5 i: V ^ 9 ^JS t> fc S . 
,[0 0 0 9] I^C<. ^ffi/j;^v;<fi'ilrM*^i-5L i 

M n o 2 /ii^ t> ^j; ^m^m^m^mmnKm^-^rcWyi^mM 

mB^ktt^S^L iMna O4 J;«3^bl-SLV^l:V>p^M 

[001 01 r<Z?LiMn02 i:UT»i. i3-NaMn 
O2 M«igA^?>*5^;^^L iMnOz i:, a-NaM 
n02 S«3tj5^^''i-5S4^tS^^«5t©¥#4rBffiL iM 30 
n02 t;!i5^bnTV^2)o M:^^LiMn02 it. %1k 

1 ^ :^VSr-^tf#r7K^^tfi-e 3 O CCfiiTcOtae-C'T ^ 
^^^mi-#ti-2)^<!:«-<t'?fT*3tv-tV^5 (A. R. Ar 
mstrong and P. G. Bruee, NAT 
URE, Vol. 381, p499, 1996), 

[ 0 0 1 1 1 T;v^ y ^JR7R^^b#J*#T(7? y ^ 

4#gB¥l 1-2112 8^^#) o Y o u n 

g — I JangPj (Electrochemical 
and Solid — State LettersV 
oK 1. pl3~1 6, 1 9 9 8) iSitJ^Y e t -M 
ing Chiangb (Electrochemic 
al and Solid — State Letter 
s Vol.2,pl07~110, 1999)(CJ; 

bmz.^1S^lk L i A 1 0. OS M n 0. a s 

02 ^a-aw-^i^^m^^mm-Liyi-no^ (o^m^ 50 
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[0 0 121 Hl=afttr ii?. L iMnOz (?)Mn 

^-gPF e . N i . Co. C r SfcttA 1 -??g|^Lfc. 
LiMnMOa (M= F e , C o . N i . C r , A 1 ) 
i^^li^l 0-1 34 8 1 2^^^{C53:^$ttTV^5<, 
^«e> (mm-fb^, 6 3^. 9 4 1-9 4 6H, 
1 9 9 5^. mM.\t^. 6 4#, 3 8 8~3 9 3H:. 1 
9 9 6<^) @lS-^lc^a:4rJ!)Dx. ^lii^a&tCiS 

^ ^ i>-n^^tL\-mm. y ^ ^Bffsioa^o y 

fc©*>. i(DM-g-|&ft:*#ta-t-5 r Ic J; "9 . *S^^ky 
9^ l> A fe 5 V ^tt5fi®^ y ^ l> A -fr L feT^^k-^ 

10 0 13] pc<. mA^^^t^])i-^Mt^^n 

08-13 8 668 . 

[00141 $ p>(c, y i'^Mt^'^ni^tm^^mit 
itfii^-a:. y^!>A{fc-g^i:3g^ifejiik-a-'fe=^KJ&$-* 

■5*■&'b«|g$i^T^^5 (i|#M¥0 6 - O 6 4 9 2 8-i- 
[0 0 151 

mt'^'^ii^^^ <^t>':>XL^o b\^^onm-b^hi>o * 

[0 0 16] :if\,h(Dim^. m^m. mmtmrn. ■< 

;fy^m?£^{4. ^^■f^^>by9"^i=^-^>';(/VfcSv^ll 
y^e'i^-- ^>;«^^-^JRS* (M) ^-a-^^btK^^fiK 
Ri£:{j:4~4 O^Ki:«^^^S1-5i:V^'5B3M/i5fc 
So -^f::. HtB^feT«Lfc1S'&^{k#l^y5^!>A3?k 
«?t!l<^]E@lt^t LTfflV^/c^-^. |nffl®^*;as{g<, 
^]6!fefl;Sr^~i 0 O-y-'fi^/i'g^^OS^'^CV^i:, 

[0017] :L(n>X,')tiiZ.h1i^h. Mi^^lT^Bfc-g-^ 
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[0 0 18] Ltzi^^x. ^^m(Dnmi-i. iz^^mm 

[0 0 1 9 J 

Li. Mnb Oc !i5S:-C*$Jx5„ ^^<Oa. bStJf 
cfi. m?ffi,?SifeKi:LT«. 0. 66^a^5. l^b 
^5. 2^cgl 2;jJiif*LV\ ^JxJi. L iMn2 O 
4^ LiMn02s Li4MnsOi2 x Li2Mn2 
O4 . L i 2/3 Mn02 j5S^tff>H5o 
10 0 2 01 5|s:|gPJ{4. y^^7i^i^^^-i■^f^g^^ 

7c*Q^^^*ri-s^b^i^^j^pLTRjE£;§-&2)r<t^«f 20 

(^2<^S5^^) „ mbQ{4. Al. Fe, Co. N 

1. Cr. V. Mo. Ti, Mg. Nb. Ta. B, C 
a, Ce. Ag, Zn. Zr^ Sn. Pb^ S i <DV^-f 

L id Mn. Qr O, jfe-SsC-C^^n 

^. fit^xh^ m.W&mw.iiX^xn.. 0. ee^d^ 

5. l^e^S, 0^f^3. 0. 2^g^l2;iSi»4 
bV\ ^Jx.fi, LiMni. 9s Cro. OS O4 ^ L 
iMno.9 Alo.i 02.Li4Mn2. 9 Cr 30 

2. J Oj2 .Li2Mni.6 Cro. 4 04.,Li 

Mn.-h Coh O2 iS#tfbtl5o 

fo 0 2 1 ] ;^:^§q^c*^v^Ts ±15^1 roSi^itetcj; «3 

'^mcmyt^ L i, Mn02 /'£-5^1^S^ifSL<^{f 

[0 0 2 2] *fc. imm\Z.ii\^X. ±fSm2©Mitfe 

1il^^-kWi\'(M\-i. Li. Mn. M.-x O2 /£5^2 
;55^?4L<#tf ^)ix5o ffl.L^2 4'MI4. AK Fe, 40 
Co. Ni, Cr. V. Mo. Ti. Mg. Nb. T 

a. B. Ca. Ce. Ag. Zn. Zr. Sn. Pb. 

^2*zf40. 3^2^1. xf±0. 4^x 

< 1 t?*>5o 

[0 0 2 3] *^P^lc*}V^Tfflv^P>^^-5y ^-^Aieii. 

mat. iff^sj^jd^^i-s V f-i^ A^d5^*ix5 - 1 

i^^icmt. LV\ 50 
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[00241 V'f':7J^Mt±mi(0:f}]} 

<>J^^t)^hfJ^^r^^m%:m\'^^^tt^i:'ommxh^. 

^-imBitti^m^. m^iWi (gijxtfL i 2 Mn 
yu^mim^. m^m^<mmi-^::.tii^x^ 

[0 0 2 5] *l§?gtct5V^Tfflv^f)ix5;<7y C'Aiett. 

[0 0 2 6] V^'>J>>m.ii:bV <>M,^(0=e;uit\t. y^ 

:^ D 1 . 5^/u^TXh?)t, *y!>A 

tTL^< /^si^m. nhtitz.m^mmx'hi>mmw(D 

[0 0 2 7 1 mvt^m.m<Dm^^Bmxh^v^'>j^-^ 

[0 0 2 8 1 *|gBJICfcV^-C. StSl-fflV^S^ai^Wi*: 
0 ^ttmmtfJ:^(DXt^^L<tj:\,\ 1000 

[0 0 2 9] *l8BJ^c:fc^^T. ^ ^^^^-rsfb^ 

S©ifeM7c*Q*Jj;tJ«/*fc«Mio/>/i < i -b^Jt* 
[0 0 3 0] *|gP^<^M]^;^jfe(-*5t/>T(4. ^ll!:^<kv 



7 

[0 0 3 11 

[^I^OHJSroj^ffil *|gW©^l (L i , Mn02 ) 
ICjoftSyfiO. 3~1. 3;aW*tV\ y;S^O. 3* 

{iO. 8 5-1. 15Xh^. $e>;c*f*L<H:l#)& 
T-fc5„ 10 
[ 0 0 3 2 1 2 (LizMnxM 

O2 ) {Ciolt'SxIlO. 4~l*il;55^?4bV^ 

-C|?*L<;^jtV\ xH:!|#{C*F*L<tt0. 8~0. 9 9 

tmm^ii?). Jifa^2(cjo{t5 ztto. 3~i. 3i)> 

v\ z;isi. 3@-efc5 tlSS^»;6H6Ti-5<DT&^ 20 
L</£V\ z\imz.m-^L<\tO. 8 5~1. 15-Cfo 
9. $P>JC$f*L<»il#i£T?ib5o 
[0 0 3 31 *:^5^lC4oV^T. ^l{C*3tt5y*5<tt>'* 

[0 0 3 41 ±15^ 1 43 i t/S; 2 Olt-^Se^k^) (4. ^B^B 

L-r#4;^H^B, *^fB*5J:.tJ«L i C0O2 
m&W-^lh (Rh omb o h e d r a 1 ) ^K^R-S 

[0 0 3 51 *^BJ©MJi&^-*5v^-c. s:f£:{-#t-r5-^ 

m (M) (SAT, rrfeJjS5n^j!SM?sFj 

th^^Oo *fc T^Stc^ (Q) t5<tO«/*fcl4&M5c 
* (M) J ^^ic T^MtE^J hV^t) (Dm^lj^tL 

[0 0 3 61 fit^X'h. ■^i^^:ymWMmin^M.7cM 

[0 0 3 7] ^JRTnSjlSi^^^f^^j^i'cffiT'*^^^ 
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WKDl^mt LX. im\\L^)^t>J>^ (L i OH • Hi O) 

ii^WkTm<r>^ myuit. mm (cu (no» ) « • 

9H2 o) ) t(DU'^m&i^mMti.tc^K-7y:ffi^^ 
t^-r^it^m^^MLXRit^^'^^:^^hhi,o 
[0 0 3 8] *is?g«Miitifel-*5v^-c, -^y^ymWM 

tLXit, ^^t;#l (Mri2 O3 , MnO. MnOa JtC 
if) , rti?)i^ft^<07K?B'^. ;i-^v'*®?fli^*if*s* 

»ftjix6o -^i^iffi^m^MtLXlt^ 3m<^-^>:a>(D 

[00 3 91 *IS§^©M^t^fe^^:*^v^T, t^JiTC^MM^ 

m^fMi^ mmxmmvxhx<. 2m&.±^mmi.x 
[0 0 4 0] ^^m<DmTkm(omi^mt hx\x m^. 

-g-L. }!lPfi*§iSl!$-e:-5 (7K^{ky^'?A<OSl!^,f44 5 0 

"C, *^^k;t7y li'iMDiii^tis 6 ot:) „ *isp^f4, ^ 

j^m&r-rim^i^h?>iti^. Rjt^umns 00-12 

0 ot:co®H-ejiS:S5^§n5o ?agd5ffiv^:^i)5Kt&ii 

-t-6(Ot:lEf*L<7'£V\ &*L<fi, 5 0 0-9 0 010 

[0 0 4 1 1 :^?^m\z.is\,^x. mm&'¥\^^y:ff>-um. 

B.^^Wm%^(DmMm&\-i.. 0tL<{4 5OOOppm 
£JIT. L< tt5 0 p p miJtTT-fcSo 

[0 0 4 2] *^B^OBS«J<^— o■Cfc5g^^y'?•'?A- 

^mMmt^^\zmf&l^X. L i2 Mn03 IctejkU 

[0 0 4 31 *^p^(Z)s<JB&^w-o-e*>5y^^'A— ^ 

i/;(;^y^f^yUlg^i?fb#|-g-^l^(7)HJ&#H^«l 0% 
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[0 0 4 41 ^mmtt. '^^(D'^i^mcm-<xmi-<K 

10 0 4 51 ^f*UV'>RlS:^^«:i~2 0:9'Tfc5„ * 

ill. ^j^mm^TKm'm^-r^^ticx*). y^^^^A 

— 7^;{fV^t-g-^{t'^. «»J;t«fL iMn02 Sr^HtU 

[0 0 4 61 ^fgwicfctt^li-g-ge'fb^it L-Ctt. 

;«fi^(D— SPSr&JSS^MT'SJ^LfcL i. Mn, M 20 

roT'#(C^* LV\ ^JSTC^Mi: LTfi. A 1. F e . 
Co, Ni, Cr. V. Mo, Ti. Mg, Nb, T 

1 . F e, MgT'feSo 

[0 04 71 :*:|ge^©ii^^fki^»*&*ic, Tir^^uv 

5o S-^^ti-ti. #y ^-^ftt-^y^v, *°yxh7:7 30 

[0 0 4 81 *:|g0^ro«-g-^{k#l(Oi>*^««#t^# 

[0 0 4 91 rcDiE1£^i4^fflV^P)tt^#7Ky 

ji^U'V^-d^-^.-h (EC) ^;650-!|^$tt^„ m 
^/U:;^— (DEC) . ^l^-ju ^=f-/i.-f}—Tfs:^— 

[0 0 5 01 }i^mm:^^y-f^^mkx\ 4/cJi2ffiUi 



#§12001-192210 
10 

::.tl'it?'>*yi'*y-7-ll)iSi: L-CbSv^ 
[0 0 5 1 1 ^9.t LTtt, Cl O4 CF3 SO3 
BF4 PF6 AsFe SbFe C 
Fa CO2 (CF3 SO2 ) 2 N-^§rT=;t>i: 

■7— ICO. 2~2. omo I /Kom^xmMi-^m^ 

0. 5~1. 5mo 1 / 1 ;4^3l^§tt5o 

[00521 Mmmmm. y ^!?A^';^-v^Bi«. 

[00 531 ^mumt LTfi, m^^m^mm'^x'^ 
mm^W!t^i.tzi,<D-^xmm^. %mmm. ±m^ 

[0 0 5 41 ^mmizi5if?>iEmii. ismwir^mmm 

[0 0 5 51 

[0 0 5 61 mmm 11 A(.mtV'^<>M.mM (L io 

H • H2 O) 3 0 g^=.y^A^mimiCAh, T/l'^'y 

#H»T. mn.px6 0 o°cicjpfiL, L i onrnm^ 
mm^it^vx^^^mm^m^fpi-h^'omL. ^Kx-tt 

±tJ)ai*iwa:^i^^EIi|XLfco a:gJiii<^)Jlxi:t±5. 2 

gX'hotz, Z<D^^!^<DCu-KaB.i:M^^tzXmm 
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ir^Ky r h77yi^:tn:i^^^>'i:?Sr8 0/1 5/50 
3 ^ y{CiT*>^#. 18 0°CICT2^ 
-C^^/— 8 ^ y©2 0AtmryU^ = ^>-^^jE1S 
2 5Mm(D#7L®jKy7'Dt''i/>':Srfflv\ 

5 0 OMmro^jsyf-!>-^?s^ffl»'\ "^mmmm^sv 

S 3 1 eSr^fflb. iEISiBlSUS 3 1 6 L-^-;^ 

fflSsus 3 1 6=3e-Yy7'Srfflv\ m^SSSf-ttiML i P 

F6 /EC + DEC (1 : 1) ^fflV^T. ^-Ti^ir/Vg 
2 0 5 y , 3 . 2 5 y (03-1' V-feyl^Sam^rT/V:^" 

(D-*<om?te=Sr. :*:$i4»f'T2 5"^G^l^a^frt^c^ov^-c, 

h \-X-&m.^itn bfc^. jE11?&#iK 1 g tcio^ 3 0 m 20 

OmAh/g. 3 3 OmWH/gT'feofCo *fc. 2-fe 

Itrt T\ lEmfSi^on 1 g {CO # 3 0 m AT- 4 . 3 V * "C 
bfc^. jElSSi^^ 1 g {Co^ 3 0 m AT- 

2. ov*-t^s?5S]!!fesi^s wmtDnmmttmm^^' 

;V-^-Sr*Jt)fc^^. ^n^tvl 6 8mAh/g. 4 9 
2mWH/g-Cfoofco 

1 0 0 5 7 1 immm2-] TK^fts* y i> ajis^* (ko so 

H) 1 2 gt. Amit])T9J^^M (LiOH-H 
2 O) 1 8 s^-^y^^^^^^^^^^^ TyU=fV#|lM 
T. m^PXe 0 oriCjOflL. L i OH-KOHjS-g- 

mit^^m^itmi'X\'^^i9i^^M%i^i>^h^'o 

4. 5g-efcofc„ rOtt^i^WCu-Ka^Srffll'^fc 40 

x^lHlW;'^^::' h>'^S-la2^c^■f„ 02J;»). Z(Dim. 

|ESi):fcE!ttlltL i 2 MnOs T-fc-5 i I^S$4^fco ±1£ 

m*.t1jkM^^^^^-^^>^t^<^^^ ^tt^'ttl 2 Im 
Ah/g. 3 6 7mWH/g-efeofCo 6 0°Cjl 
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fc^S:. ^n-eill 9 7mAh/g. 6 17mWH/g 

XhotCo 

[0 0 5 8] mmm 3 ] mm-mit-^ >if>mmm 

3NF^:k:^^'T-^^-t5Ci:l-J:tJ> Mm. s Cr 
.. t Os «&*^#fc„ Tki^^by (L i OH 

• H2 O) 3 0 gS^=y<>■^^@J^tlialcAI^. T/i'd>'W^ 
m%T. m%PX6 0 OVKMBI-. L i OH^Sb^i: 
L^. ro^iSi^fCMni. » Cro. 2 O3 *&*6 g 
^SrSTU 55>mic^iiiife^lcyf->J'A— 7^;^^-^ 
n J:.1^^mi\::<^m^*^it^^X\^^^i^Wi^nM.pt^hM 

(Dtt^tKiSl^SM^-^S L i M n 0. 9s C r 
^.Ji&'^fiL i 2 Mn 0. 95 C r 0. 05 O3 Xh^t 

X. m^k^^^m-^tzo z sv.muw'pi^i^n ^^m<D 

8mAh/g. 4 9 8mWH/g-efcofc, Sfc^ 60 
Mmz.^3k. ^*L^*^X1 8 8mAh/g. 5 9 9mWH 

/gffoofCo 

1 0 0 5 9 1 [*JiM 4 ] ^ tern 

m■k%'¥x'^J^■r^^t^^i:'o.Mn^., Fe 

0. . 03 ni^^mz (xgA) o *^jb;&y -^i^fe'* 

(KOH) 1 0 gi:. *®?<byf^[>i>.«&* (LiOH - 

H2 o) 2 g^=^s'>>-/i'ii*&JSi-Aix> r;\^^vmm%. 

T. «m:rT6 0 O'CICJBISL. L i OH-KOHjg-g- 
^itig (L i OHl^/HC^LKOHS. 7*/U) it 
fCo r.©^^iei-±ia(OMn,. 9 Feo. 1 0» ^ 
^2e,^Wru 5^^^Jc^il^4'»cy^i>ix-^>':tf 

»H 1 . 8 1 g T'fco fCo r COit^tl© C u - K a 

fflv^/cxlliHi5f;^'<^' ^/^Sr@4lc^^i-. ia4ii!). r 

05ttg^«^{±#4*^BL iMn02 1S5t*5it>'m#4H^BL iM 
n02 ffiit^W-tS^^.i^^^'JSo ±l5©Mn/Fe^5 
0. 9 5/0. 05 (I^^^tk) T'^jSy^^e'A^WSi^ 
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yy/\y:tn:^'^i^>t^8 0/l 5/5<DfifiJtT- hyW 
@ 1 3 5 y {Cfi-t,^^. 1 8 0°C(rT 2B#r4«^^^L 

±t«fiL.TjEl^ft:?:»fc, 2 5m 

m(0#?L®/Ky T'n t'^^-^fflv^, :ii1itc{iJi:$ 5 0 0 
Mm<DikS'J5"??AfSSrfflV\ A1S*Sft:{cSUS 3 1 

S 3 1 6^^5/7'«rfflV\ «^^('ttlML i PF* / 
EC + DEC (1 : 1) ^fflV^-C. a-f 2 0 5: 

y , 3 . 2 5: y ©^^f Viryv.l[«mSrT/l'=i>:/D 

:^^4'{v:T2 5^fl?a^fi^t::*5V^T. iE 
^^fil^lKl gl-o# 3 OmATM. 3 V * T-ilffi;^? S 
{C-C^tt^£3fE«Lfc:m. jE^ffii^Wl gt^ot 3 0 mA 
T- 2 . 0 V * -C«E:* h i^Xmrnmrnm 

mAh/g. 6 2 6inWH/gT'*>ofco 

l*3T\ jEISS'^S 1 g {CO t, 3 0 m A-C 4 . 3 V * "C^ 

mm^mi^tz'^. lEmmmwi gscots omAT2. 

-Sr*«t»fc^ll.^*x^tt2 2 8mAh/g. 7 0 2m 
WH/g-efcofc. 

[0 0 6 0] [mmm 5 ] ±i5Ii»j 4 oxsAt- *5v ^ 

ife0ij4 tl^^tCLTMni. 9 A 1 o. : Os ^r-g"^ 
LfCo $e>(C±fB||Jg0ij4(7)XaB(C*5V^TMn.. 9 
Feo.. O3 ^S&5S2 gO#t3l9{C, ±fB<^Mn 
,.9 A 1 0. . O3 *&M5^2 gfflV^T. ±fE||Jfe0-!l 
4 tmmK UTRlS-arLJ?). tfc^4fe» 1 . 8 0 g ^ntco 

X<0. Z<D-it^m-^^M^L iMn02 «jtSr±ft:i 

mif^L iMnOz fl|igj5S^#Lfc?S^#IT?fc5r 
i:;i^fiJ5„ ±l5<75Mn/A 1 ;55 0. 9 S/O. 05 (J^, 

SmAh/g. 6 6 4mWH/gT-fcofc„ Sfc. 6 0 

^tl,^*n2 4 ymAh/g, 7 7 9mWH 

/gT'fcofc, 
I 0 0 6 1 1 CHJgfi) 6 3 ±jailJfe0'J4 (DXgAlC*5l,> 

tl^^tClLTMni. 9 Cro.. O3 Sr-g-fiKLfc, $ 
t){C±fS*Jfe«»l4<?5XgBlc:fcl^-CMni. 9 Fe 
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0.1 Oj *&*2 gK>#tof)lC, ±e©Mni. 9 Cr 

0. 1 O3 *&**2 gfflV^-C. ±IS^JI0II4 itl^filiCR 
tt^-tirLfe. JtiJ#il. 8 1 g^ntio ii]KrS:^^i^{±M 

i^lHlSf ^^^rJ' b/u^rH 6 0 6 J: 5 . (D^m 

nmm^BL iMnOa m^i^-r?>^t^m=bo 

Mn/Crii^O. 9 5/0. 0 5 (J^.^it) irfc^y^ 

10 3^>-fe/U'M«?l&*2-feyi'm.?^S:TT. 

yu:¥-^*fefc:^*. ^nmi 97mAh/g. 60 
lmWH/g-efeofc„ 6 O'CHSflftfJi-jsttS 

*t2 2 2mAh/g. 6 9 6 mWH/g -Cfeofc, 
[006 2] [^JifiSJ 7 ] ±|B^J£«SJ 4 ©X@ A {Ciot, ^ 

;^#'J4 i:P4ttcLTMn.. . Coo.. O3 ^-^figU 
fc„ $ t>{C±te|li£0ij4CiXgB(Ct5l^-CMni. 9 
20 Feo. 1 O3 S^5K2 g©#t?"9tc:, ±ia(75Mni. 9 
Coo. r O3 |S)*Sr2 gffll^T. ±EIIJfe0ij4i:lRl« 
l-LTg:r£;itL46. ztMtll. 8 l gSr^f::, gilHlS^ 
^i!<i#J{i©*^)^>4^'fe/5='ojto ::©±^#j©Cu-Ka^Sr 
ffll^fcX^(Hl^;^-<^' h/l'^ia7lc^1-. @7j;t), r 
(DimmitmM^L iMnO^ «atSr*i-5:ii:;i53|9j 
•5„ ±l5C>Mn/C oii^o. 9 5/0. 0 5 (J^^Jt) 

30 tttg^P'^fc, 6 0°Cll?a|f 4'lC*5(t5|IIfflW*fe«^» 
i:*Jc«J^^>/l'^'-^**fc^$*. ■tixm2 3 7mAh 
/g, 7 4 ImWH/g-efcofco 
[00 6 3] 8 ] ±W.mmM 4 (73Xg A (C jBI, ^ 

T. 5i^^(7)#t3t? {c^i^®>l:ffl^^fd&{t±fB^Jte^J4 

irl^litcLTMni. 9 Ago.i Oa Sr-g-^Lfc„ $ 
P>lC±KII^£0'J4€>XSB{C:fe^^TMn ,.9 F e 
0.1 Oa *&*2 g©#*?i9lC. ±|50Mn,. 9 Ag 

0. 1 03 ;^*Sr2gfflv>-c. ±is*te^J4 ii^ittcs 

^iHltff;^^^ h/i'SrEiSfc^i-o 0 8 J: 9. :icO)!t^i^ 
HmMB^aL iMnOa mi&i:±i^tL. U:fj^B'L iMn 

n/Agji^O. 9 5/0. 0 5 (I^.iFtfc) T'*)^yg^r> 

it, 6 0'Cfit&»'t'fc*3{t5^»i©*!c«^l:^*5c«3i^ 
/U^-Sr*J?)fc^^. ^:nm2 1 5mAh/g, 6 5 
50 9mWH/g-C'feoit„ 
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[0064] cius0ii 9 ] ±mmmM a <dtma\z^\>^ 

mm4tmM\^hXMni.s Nio. , Os ?r-g-^L 
fco $f>iC±E^i!i£0ij4(OXSB{CjoV^-CMni. 9 F 
eo.i 03^*2 g©#to9fC. ±IE«)Mn.. 9 N 

i 0. 1 o 3 mm^ 2 g fflv^T, ±iBiii£^ 4 tmmK 

mtMMi^^ (Rhomb ohedra 1) ^WPR 

/Niii^o. 9 5/0. 0 5 (l^T-Jt) TfcSy^'^A 



— ^tt€n 2 2 9 m A h / g , 7 2 6m 
[0 0 6 5] 



(9) #iB 2 0 0 1 - 1 9 2 2 1 0 

16 

11212] ^lS0ij2ti43tt5MifelWCu-Ka^^ffiV^ 

m4] ^lS0ij4{C*5(t5ititi^©Cu-Kai^^ffll^ 

lias] JIJgfiri|5l;:*5»tStfc^ife©Cu-Ka|S^fflV^ 

IH6] ^^S0iJ6{C*5^t5tmt)»Cu-Ka^S^fflV^ 
fcX^@tf;^'<^' h^USo 
10 7] ||J£^^iJ7^^*^^t5^tg^#)©Cu-Kai^SrfflV^ 
fcX^[Hll)f:^'<^' 
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